Summary
The present study is a first step of a global project aiming at the estimation of the genetic distances and relationships among buffalo breeds and sub-populations and the investigation of the production potential and adaptability of different buffalo genotypes in various environments. Genetic diversity of Italian and Greek buffalo populations was estimated on the basis of allele frequencies at nine polymorphic microsatellite loci: CSSM43, CSSM38, DRB3, D21S4, CYP21, CSSM47, CSSM60, CSSM36 and CSSM33. The number of detected alleles per locus varied from two (D21S4) to thirteen (CSSM47). Allele frequency distribution was similar in the two populations, which have the same alleles at the highest frequency at all loci, except loci CSSM47 and CSSM60. Average gene diversity over all loci was 0.60. Across-loci average gene diversity increased with the number of alleles. Observed average heterozygosity was 0.167 and 0.177 in the Italian and Greek populations, respectively. The degree of differentiation between Italian and Greek buffalo was moderate and estimated at 0.021 ± 0.009.
Resumen
El presente estudio representa un primer paso dentro de un proyecto global orientado a la estimación de las distancias genéticas y relaciones entre las razas de búfalos y las sub
Introduction
Domestication of water buffalo occurred 5 000 years ago, more recently than the domestication of Bos taurus and Bos indicus (10 000 years ago) (Loftus et al., 1994) . Compared to cattle, buffalo productivity in meat and milk is generally lower, therefore, buffalo farming was abandoned in many countries and left to the areas where cattle were not able to produce efficiently due to climate, parasites, muddy lands, etc. and draught power is still needed. Buffaloes are now raised only in thirty countries in the world, from which over 96 percent are in Asia (Cockrill, 1974 (Cockrill, , 1984 Bhat, 1992) .
Although in past centuries a worldwide exchange of cattle breeds, together with the adoption of similar management and selection schemes have taken place, every country followed their own path in the management of their respective populations as dictated by local conditions. The result of this process was a wider differentiation of populations and productive traits, accentuated by the non-consistent exchange of genetic material between countries (Bhat, 1992; Mahadevan, 1992; Boyazoglu, 1996) .
The scientific community is aware of the negative effects produced by the loss of variation in animal genetic resources, due to human interference. Livestock biodiversity is important because the genes and gene combinations they carry may be useful in the future for traits that are presently unknown or difficult to define, e.g. disease and stress resistance, quality and composition of products, adaptation to different environments or farming systems (Boyazoglu and Flamant, 1990; Matassino and Moioli, 1996; Hammond, 1998; Boyazoglu, 1999) .
In this context, the investigation of genetic relationships among buffalo populations in order to study their origin, domestication and genetic structure, will provide a useful tool in supporting conservation decisions and designing of breeding schemes.
The present study is a first step of a global project aiming at the evaluation of the genetic distances and relationships among buffalo populations and the investigation of production potential and adaptability of different buffalo genotypes in various environments. The implementation of the project started with the comparison of Italian and Greek buffalo populations.
In Italy in the past, buffalo was neglected, it was a poor milk producer but able to survive in unhealthy swampy lands. It has now become a highly desired livestock, which produces top quality and the highest-in-demand cheese (Rossi et al., 1998) . There are 150 000 buffaloes in Italy, 85 percent of them concentrated in Central-Southern regions. The average herd size is 50-100 animals. The low rate of AI use and the little exchange of breeding stocks among farms could lead to the independent genetic development of the herds (Pilla and Moioli, 1992) .
In Greece, due to the rapidly changing socio-economic conditions, including the mechanization of the agricultural sector and the introduction of imported dairy cattle breeds, the number of buffaloes has declined dramatically over the last decades. As a result, from the 75 000 animals counted at the end of the 1950s, today only 1 000 heads remain in some wetlands in Northern Greece, particularly in the regions of Macedonia and Thrace. The population is distributed in 12 herds with an average herd size of 85 heads. These animals are mainly used for milk and meat production (Georgoudis et al., 1994 (Georgoudis et al., , 1998 .
Recently, the developments in DNA technology for identification of genes and QTLs, provide useful tools in analyzing the genetic diversity and managing farm animal genetic resources. Microsatellites, which are now generally considered the most powerful genetic markers to describe genetic animal population variability, were proposed for the analysis of animal genetic diversity by the Expert Working Group in the Secondary Guidelines for Development of Farm Animal Genetic Resources Management Plans, Measurement of Domestic Animal Diversity (FAO, 1998) . The protocol in these guidelines is being followed in the present project, regarding the sampling, markers and statistical analysis.
Material and Methods

Sampling of animals of the two populations and DNA extraction
Buffaloes for genotyping were chosen in order to assure that they were a representative sample of the two populations. The sample of the Italian buffalo population analyzed in the present study was composed of 38 animals, 28 bulls in progeny testing, from 12 different farms located in six provinces and ten cows from different dams and sires of the research farm of the Ministry of Agriculture (Rome). The Greek population analyzed in the present trial consisted of 32 animals belonging to eight herds between which no exchange of breeding stock had occurred. Animals of each herd were chosen from different years of birth, to assure that they were born from different sires; in fact, it is common practice to use different breeding bulls every year.
DNA was extracted either from semen with the GENOMIX extraction kit (Talent, Trieste, Italy) or from frozen blood with the Qiagen extraction kit (Qiagen Gmbh, Hilden Germany).
Microsatellite polymorphism detection
From the set of microsatellites, which were shown to be polymorphic in cattle and buffalo (FAO, 1998; Moore et al., 1995) , nine, CSSM043, DRB3, CYP21, D21S4, CSSM38, CSSM47, CSSM60, CSSM36 and CSSM33 were preliminarily amplified with polymerase chain reaction (PCR) using primer sequences as suggested in literature (Moore et al., 1995) . For all microsatellites, except CSSM36, PCR products were analyzed with seven percent denaturing polyacrylamide-sequencing gels. Visualization was achieved by the silver staining procedure (Comincini et al., 1995) . Allele sizes were determined by comparison with a ten bp sequencing ladder (Life Technologies, TM). Microsatellite CSSM36 was analyzed for all samples, with a Perkin Elmer ABI Prism 310 Genetic Analyzer, purchased during the trial, using the Genescan software (Perkin Elmer) which detects different alleles by comparing sizes with standard DNA sizes (Tamra, Perkin Elmer).
Statistical analyses
Allele frequencies and mean heterozygosity estimates for each population were obtained using the FSTAT programme (Goudet, 1995) . Average gene diversity at each locus was calculated according to Nei's formula (Nei, 1973) , for each population separately and for the two populations together. Average gene diversity across loci was regressed on the number of alleles at each locus, as in Barker et al. (1997) .
Wright's fixation indices (Wright, 1943 and 1951) were computed using the FSTAT programme to assess genetic differentiation of populations. They represent the probability that two alleles chosen at random within the same population in generation t are identical by descent. F it is the fixation index calculated for the total population, a measure of the global heterozygosity deficit (total inbreeding) (Barker et al., 1997) ; F st is the fixation index calculated for each of the two sub-populations, a measure of the between populations heterozygosity deficit and F is is a measure of the within population heterozygosity deficit (inbreeding). Moioli et al.
Results
In table 1, allele frequencies for each of the nine microsatellite loci in each of the two populations are reported. The number of alleles per locus varied from two (D21S4) to thirteen (CSSM47). Only for three loci, CYP21, D21S4 and CSSM33, were all detected alleles found in both Italian and Greek buffaloes. The mean number of alleles per locus is slightly lower in the Italian groups (4.6) than in the Greek (5.3). In DRB3 locus, nine alleles were found in the Italian population, while in the Greek samples four of them were not detected (Figure 3) . Conversely, in CSSM43 locus, four alleles were found in the Greek population of which only two were detected in the Italian one.
Allele frequency distribution at the nine analyzed loci is given in table 2. For six loci (CSSM43, CSSM38, DRB3, D21S4, CSSM36 and CSSM33) the same alleles are at the highest frequency in the Italian and Greek populations. At locus CYP21, the two populations showed consistent frequencies, although different, at loci 1, 2 and 3, while both of them have a very low frequency at locus 4. Locus CSSM47 is the most polymorphic, especially in the Greek population (Figure 4) , followed by DRB3 (Figure 3 ) and CSSM60 ( Figure 5 ).
Average gene diversity (Nei, 1973) over all loci in the two populations was 0.605, while for individual loci average gene diversity ranged between 0.320 (CSSM43; CSSM33) and 0.835 (CSSM47) ( Table 2 ). Across loci, average Observed heterozygosity averaged on all loci was 0.167 for the Italian and 0.177 for the Greek population. It was insignificantly lower than the expected heterozygosity (0.222 and 0.247, respectively for the Italian and the Greek).
Estimated means of the total fixation index separately for the two populations were 0.350 for the Italian and 0.242 for the Greek, indicating that the Italian population is more inbred.
Estimated mean for F st (differentiation between Italian and Greek buffalo) was 0.021±0.009. The overall estimate of inbreeding co-efficient was 0.313±0.054.
Discussion
This is the first study on the genetic diversity of buffalo populations in Europe and the Near East, which are all considered to be of the Mediterranean type on the basis of their phenotype and performances where the results provide an indication on the feasibility of the methodology and give a preliminary description of some loci.
Observed heterozygosity (0.167 for the Italian and 0.177 for the Greek buffaloes) was not significantly different from the expected under the random mating assumption in either population (0.222 for the Italian and 0.247 for the Greek buffaloes). The lower values of the observed and expected heterozygosities, compared to the values found by Barker (1997) for river buffaloes in Asia (0.558 and 0.579), confirm that a considerable loss of biodiversity in buffalo has occurred in Europe, as a consequence of the decline in numbers and increased inbreeding.
Differentiation of the Italian and Greek buffaloes (0.021) resulted in even lower than the average differentiation (0.038) that Barker (1997) found between three different river buffalo populations, South Sri Lankan, Sri Lankan Murrah and Malaysian Murrah. Considering that the value of differentiation between swamp type buffalo obtained by Barker (1997) was much higher (0.178) and that rates up to 0.15 indicate moderate differentiation between populations (Hartl, 1980) , the obtained results (0.021) suggest that there is a need to investigate more thoroughly the genetic differences between the two populations through the analysis of further loci.
The Greek population seems to have a lower rate of inbreeding (0.242) in spite of its small size compared to the Italian (0.350), which may be explained by the absence of any directional selection. In addition, the expected heterozygosity in the Greek population is higher than in the Italian, indicating that the population has retained the presence of several alleles, although at a small frequency. This implies a higher amount of genetic variability that might be used in planning breeding strategies and can be exploited particularly in populations of small size. Furthermore, such variability could also be employed to detect genetic markers that might be linked to quantitative trait loci (QTL).
In order to have a better picture of the genetic diversity of the considered populations and to accurately estimate the diversity parameters when more than two populations are analyzed, FAO (1998) suggested that the number of polymorphic loci to be analyzed should not be less than 20. The present work will therefore be extended to include more microsatellite loci as well as other river buffalo populations.
